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Abstract
We consider spin eects in two{particle hadronic decays of Bc and B∗c mesons into
J= plus () in the frame work of hard gluon exchange model. It is shown that polar-
ization of the J= meson is very dierent in decays of Bc and B∗c mesons as well as
their decay widths into J= plus ().
1. Introduction
The start of the experimental study of the Bc mesons, containing heavy quarks of dierent flavors, was
done recently by CDF Collaboration at FNAL [1]. The obtained value of Bc meson mass is mBc =
6:400:390:13 GeV. It doesn’t contradict theoretical predictions, which have been made in nonrelativistic
potential models [2] and QCD sum rules method [3]. However, the predicted value for the dierence between
masses 3S1 state (Bc ) and 1S0 state (Bc) of the (bc){ system is 0:05 − 0:07 GeV, that now much smaller
than experimental uncertainties [1].
The calculation, which was done in 4s order of perturbative QCD using nonrelativistic model for heavy
quarkonium, shows that the ratio of Bc and Bc mesons production cross sections in high energy hadronic
collisions is about 2  3 [4]. At the same time, the fragmentation model of heavy quarkonium production
predicts that (Bc )=(Bc)  1:3 [5]. Such a way, experimental separation of Bc and Bc meson production
cross section is very important for test of the models, which pretend on description of Bc meson production.
The signal of Bc meson production in [1] is a peak in the invariant mass spectrum of J= ll(l = e; ),
system, which was produced in semileptonic decay
Bc ! J= + l+ l; (1)
where J= was detected using lepton decay mode (J= ! l+l−): However, more suitable decay channels
from the registration point of view, are two-particle hadronic decays with J= meson in nal state:
Bc(Bc ) ! J= (); (2)
It is assumed, that branching ratio of the decays (2) is about 1% [6].
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The main feature of the two-particle hadronic Bc decays is the fact that both quarks in the Bc meson
(b and spectator {quark) are heavy. The necessary condition of cc bound state formation creation is large
momentum transfer (k2 >> 2QCD) to the spectator quark and spectator picture is not valid in the decays
under consideration. In fact, the gluon virtuality in the decays (2) is equal to
k2  − m2
4m1
((m1 −m2)2 −m23)  −1:2 GeV2;
where m1 is Bc or Bc meson mass, m2 is J= meson mass and m3 is  or  meson mass. So, it is needed
to use here the hard scattering formalism [7].
2. The hard exchange model
At rst time, the exclusive hadronic decays B+c ! J= +(+) or B+c ! c+(+) have been under con-
sideration in the frame work of hard exchange model in paper [6]. It was shown, that in contrast to the
spectator approach, the hard t{channel exchange results in the approximate double enhancement of the
decay amplitudes. However the trivial arithmetic error in Γ(B+c ! c+) calculation was made in [6]. The
decay widths of Bc mesons, as well as spin asymmetry for the creation of J= mesons in the states with
dierent polarization didn’t were calculated. The polarization of the J= meson in semileptonic decay of
Bc meson (B+c ! J= + + µ) was studied recently in [8] using the spectator approach.
In the frame work of hard gluon exchange model, the amplitudes for decays Bc(Bc ) ! J= () are
described by diagrams in Fig.1. Using nonrelativistic approach, we assume that quarks in a heavy quarkonium
















Assuming that quarkonium binding energies are small, the heavy quark masses may be presented in the




; mb = m1 − m22 :
The transition from the amplitude of tree heavy quarks with equal four{velocity v = p=m production (or
decay) to the amplitude of the binding state production (or decay) is done using following prescription:









where a^ = γµ"µ, "µ is four{vector of Bc meson polarization, or a^ = γ
5 in the case of psevdoscalar quarko-










3 is the color factor, which takes into account color singlet state of heavy quarks in quarkonium.
Because of the quark virtuality in the decays (2) is very small in compare with W{boson mass, one can
use four-fermion eective theory and write b ! c+(+) vertex in the terms of eective Fermi{constant
GF =
p
2, mixing parameter Vbc, left quark current and axial{vector current of  meson (f3p
µ
3 ; f3 = fpi) or
 meson (m3f3"
µ
3 ; f3 = fρ).
For example, the amplitude of Bc ! J=  decay calculated according to the diagrams in Fig.1, take the
form




















"^2(1 + v^2)γα"^1(1− v^1)
(







x^1 = m2v^2 − m22 v^1; (4)











The factor a1 comes from hard gluon corrections to the four-fermion eective vertex. In the case of psev-
doscalar Bc meson decays it is needed to do substitution "^1 ! γ5, and, if one has  meson in the nal state,
"^3 ! v^3. There are following cinematic formulae in the rest frame of Bc meson:






























The summation over polarization states of vector particles may be done using formula
∑
L,T
"µ(v)"ν(v) = −gµν + vµvν : (6)
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Let us denite an auxiliary four{vector nµ = (1;−~p=j~pj) such that n2 = 0; (np) = E + j~pj. With the help of






























The unpolarized width of Bc ! J=  decay is written in the following form




where jM j2 is squared matrix element after summation over polarizations of J= , + and Bc mesons,
divided by 3 (the number of the initial Bc meson polarization states). From Eqs. (3) { (11) one gets:
































where f1 = fBc = fB∗c , f2 = fJ/ψ, f3 = fρ, m1 = mBc , m2 = mJ/ψ, m3 = mρ and
3 F (Bc ) = m83 + 2m63(13m21 − 2m1m2 −m22)
+2m43(−19m41 − 18m31m2 − 16m21m22 + 2m1m32 +m42)
+2m23(−3m61 + 18m51m2 +m41m22 − 20m31m32 + 11m21m42 + 2m1m52 −m62)
+17m81 + 4m
7
1m2 − 32m61m22 − 12m51m32 + 14m41m42 +
+12m31m
5
2 − 4m1m72 +m82;
F (Bc) = m83 + 2m
6
3m1(5m1 + 8m2)





1m2 − 3m41m22 − 16m31m32 + 16m21m42 − 4m1m52 +m62)
+4m41(m
4
1 − 2m21m22 +m42):
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In the limit of vanishing  meson mass and mB∗c = mBc , one gets:
Γ(Bc ! J= )
Γ(Bc ! J= ) 
Γ(Bc ! J= )
Γ(Bc ! J= ) =
1
12
(17 + 4x+ 2x2 − 4x3 + x4)  1:67; (14)
where x = m2=m1, m1 = 6:3 GeV, m2 = 3:1 GeV.
The explicit calculation with m3 = mρ = 0:77 GeV, mB∗c = 6:3 GeV and mBc = 6:25 GeV, gives following
results:
Γ(Bc ! J= )
Γ(Bc ! J= )  1:43; (15)
and
Γ(Bc ! J= )
Γ(Bc ! J= )
 Γ(Bc ! J= )
Γ(Bc ! J= )  2:47 (16)
The polarization of J= meson in the decays (2) can be measured using angular distribution of the leptons




(J= ! l+l−)  1 +  cos2 ; (17)





ΓT and ΓL are decay widths of Bc meson into the transverse and longitudinal polarized J= meson. The
exact results, with take into account  meson mass, are following
(Bc ! J= )  0:40 (18)
(Bc ! J= )  −0:85 (19)
In the limit of mρ = 0, one gets very simple expressions
(Bc ! J= )  (Bc ! J= ) 
7− 4x− 2x2 + 4x3 − x4
9 + 4x+ 2x2 − 4x3 + x4 = 0:45 (20)
and
(Bc ! J= )  (Bc ! J= ) = −1: (21)






where ΓT!T is the decay width of the transverse polarized Bc meson into transverse polarized J= meson
and ΓT!L is the decay width of the transverse polarized Bc meson into longitudinal polarized J= meson.
It is obviously that in the limit of vanishing  meson mass, one has
(Bc ! J= )  (Bc ! J= ) = 1: (23)
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Taking into account  meson mass, one nds
(Bc ! J= ) = 0:97
Accordingly [9], we assume that total width of the Bc meson decay is equal to
Γ(Bc) = (1:2 0:2)  10−3 eV:
Using following set of parameters [9]: fBc = fB∗c = 0:44 GeV; fJ/ψ = 0:54 GeV; fpi = 0:14 GeV, fρ =
0:22 GeV; Vbc = 0:04, GF = 1:166  10−5 GeV−2 s  0:33; we have obtained
Br(Bc ! J= )  1:86a21 %; (24)
Br(Bc ! J= )  2:66a21 %; (25)
Br(Bc ! J= )  0:75a21 %; (26)
Br(Bc ! J= )  1:21a21 % (27)
Note, that our results (24) { (27) agree with the values obtained in [9, 10] for Bc ! J= () decays, if
we take into consideration additional factor a21  1:21, which comes from the hard QCD corrections to the
eective four{fermion vertex.
4. Conclusion
We have shown that the widths of vector Bc meson decays Γ(B

c ! J= ) and Γ(Bc ! J= ), in 1.43 and
1.67 times larger then corresponding decay widths of scalar Bc meson.
In decays of Bc meson, one has transverse polarized J= meson ( = 0:40 for Bc ! J=  and   0:45
for Bc ! J= ). On the contrary, in decays of Bc meson, one has longitudinal polarized J= meson
( = −0:85 for Bc ! J=  and   −1:0 for Bc ! J= ).
The J= meson retains initial Bc meson polarization in the decay B

c ! J=  complitely and almost
complitely (97 %) in the decay Bc ! J= .
So, the experimental study of J= polarization in Bc(Bc ) mesons decays may be used for test of
production cross{section ratio (Bc )=(Bc).
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Figure captions
Fig. 1: The Feynman diagrams for decays Bc (Bc) ! J= ().
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